It is proved that for every integer k 3, for every (simple) series-parallel graph G with maximum degree at most k, and for every collection (L(e) : e 2 E(G)) of sets, each of size at least k, there exists a proper edge-coloring of G such that for every edge e 2 E(G), the color of e belongs to L(e).
Introduction
List colorings are a generalization of usual colorings that recently attracted considerable attention, cf. 1, 8, 9, 11] . Originally, list colorings were introduced by Vizing 12] and Erd} os, Rubin, and Taylor 6] in the seventies. The de nition of a list edge-coloring is as follows. Let G be a multigraph. An edge-list assignment L: E(G) ! P(N) is a function that assigns to each edge e of G a set (or a list) L(e) of admissible colors.
A function : E(G) ! N is an L-edge-coloring if (e) 2 L(e) for every e 2 E(G),
and (e) 6 = (f) for every pair of adjacent edges e; f 2 E(G). A graph G is kedge-choosable if it has an L-edge-coloring for every edge-list assignment L such that jL(e)j k for each e 2 E(G).
Our work is motivated by the following conjecture, which apparently rst appeared in 3], but was considered by many other researchers (see 8, Problem 12.20] Conjecture 1.1 holds for bipartite multigraphs by a result of Galvin 7] , for 3-regular planar graphs as noticed by Jaeger and Tarsi (unpublished), and for d-regular d-edge-colorable planar multigraphs by a result of Ellingham and Goddyn 5] . Conjecture 1.1 is regarded as very di cult. For instance, even the special case of complete bipartite graphs K n;n , formerly known as Dinitz' conjecture, was open from 1978 until Galvin's result mentioned above. In light of that it seems reasonable to study special classes of graphs, in the hope of either nding a counterexample, or gaining more insight. The purpose of this paper is to show that Conjecture 1.1 holds for series-parallel graphs, thus eliminating one natural class of possible counterexamples. The proof can be used to design a linear time algorithm to list-edge color series-parallel graphs.
Two lemmas
A graph is series-parallel if it has no subgraph isomorphic to a subdivision of K 4 . It is well-known 4] that every (simple) series-parallel graph has a vertex of degree at most two. Proof. We proceed by induction on the number of vertices. Let G be a non-null series-parallel graph, and assume that the result holds for all graphs on fewer vertices. We may assume that G does not satisfy (a), (b), or (c). Thus G has no two adjacent vertices of degree two. By suppressing all vertices of degree two (that is, contracting one of the incident edges) we obtain a series-parallel multigraph without vertices of degree two or less. Therefore, this multigraph is not simple. Since G does not satisfy (b), this implies that G has a vertex of degree two that belongs to a cycle of length three. Let 3 List edge-colorings of series-parallel graphs
The following theorem is the main result of the paper.
Theorem 3.1 Let k 3 be an integer, and let G be a series-parallel graph with maximum degree at most k. Then G is k-edge-choosable.
Proof. We proceed by induction on jV (G)j + jE(G)j. The theorem clearly holds for the null graph, and so let G be a series-parallel graph with at least one vertex, and let L be an edge-list assignment with jL(e)j k for every edge e 2 E(G). By Thus we may assume that (c) of Lemma 2.1 holds, and let u; v; w; z be as in that condition. If G has an edge e with both ends of degree two, then the theorem holds by the induction hypothesis applied to the graph G ? e, because e is incident with at most two edges of G ? e. Thus we may assume that w has degree at least three, and that u has degree exactly three. Hence the neighbors of u are v, w, and z, where Seymour 10] proved that if G is a series-parallel multigraph, and k is an integer with (G) k and ?(G) k, then G is k-edge-colorable. If conjecture 1.1 holds for multigraphs, then G is in fact k-edge-choosable, but we were unable to prove that.
The methods of this paper can be used to prove a slightly stronger result: Let G be a series-parallel multigraph such that each vertex v has at most one neighbor which is joined to v by more than one edge. If k maxf (G); 3g, and L is an edge-list assignment for G such that jL(e)j k for every edge e 2 E(G) and jL(e)j k + 1 for every edge e 2 E(G) that is parallel to another edge of G, then G has an L-edgecoloring.
The proof of Theorem 3.1 can be converted to a linear-time algorithm, as follows.
Let G be a graph. We say that a vertex v 1 Let us remark that the total size of the lists is at least n, and so our algorithm is indeed linear in the size of the input. A linear time algorithm for ordinary edgecolorings of series-parallel multigraphs is described in 13].
